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1. Introduction 
Micro-artefacts (i.e., cultural particles smaller than 2 mm in diameter), due to their 
abundance and incorporation in an archaeological deposit constitute a significant part of the 
cultural particles present, and their analysis can assist the archaeological interpretation 
(Stein, 1987). The analysis of micro-artefacts is extensively complex due to the different 
micro-artefact categories that may appear in an archaeological context and also because of 
the number of different cultural (and natural) formation processes that may have been 
involved in the creation of characteristics specific to an archaeological context. 
Recently, a non-linear data analysis technique (S-SOFM) was applied on micro-artefact data. 
The technique revealed hidden structures among the data that linear methods were unable 
to classify and also offered an additional way to unfold cultural information encoded within 
them (i.e., micro-artefacts), and thereby, observe the dynamics of cultural factors in site 
formation processes (Kontogiorgos et al., 2007). The spherical self-organizing feature map 
method was implemented in this study to perform the initial pattern searching operation in 
a sample of 4-dimensional micro-artefact data shaped only by the effects of natural 
formation processes (hereafter: N.F.P.), and so further explore the developed visualization 
tool as a means to identify patterns in micro-artefacts prior to their detailed analysis. An 
example is given on micro-artefact data from the colluvial deposit, covering the theatre of 
the Hellenistic period, located outside the city walls of the Hellenistic city of Gitana in the 
Thesprotia region-Epirus-NW Greece (Kontogiorgos and Preka, 2009). Section 2 briefly 
describes how the spherical self-organizing map creates a 3D visual or graphical 
representation of the data. Section 3 applies the method on a sample of 4-dimensional micro-
artefact data. General findings and concluding remarks are presented in Section 4. 
2. Spherical self-organizing feature map 
The Self-Organizing Feature Map (SOFM), introduced by Kohonen (1981), maps n-
dimensional data into a low-dimensional space. The spherical SOFM (Sangole, 2003) the 
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low-dimensional space is a tessellated sphere that is formed by subdividing an icosahedron. 
Every vertex on this sphere is a strategic location of an n-dimensional vector that represents 
an ensemble of similar data vectors which are assigned to the vector during the mapping 
operation. It is therefore necessary to visually enhance variations in the data using the 
physical attributes of the mapping lattice. The benefit of a spherical lattice in the 
implementation of the SOFM is that the enclosed space can be used to generate a 3D visual 
representation of some physical aspect of the n-dimensional data.  
Conventional implementation of the SOFM method have used a 2D lattice as the low-
dimensional space, and associations in the data are visualized by means of a terrain map, 
wherein elevation represents some aspect of the vector(s) at that location (Vesanto, 1999; 
Ultsch and Siemon, 1990). Relative similarity between data vectors mapped into the sphere 
can be visualized by introducing distortions in the sphere accompanied by changes in the 
colour. Informative characteristics of the data are reflected as distortions and colour 
gradations on the surface of the sphere. The formulation of these measures is a non-trivial 
task and often application dependent. The measures reflect desired data correlations (either 
linear or non-linear) and must be defined by the researcher who is familiar with the 
underlying data set. It is this aspect of the S-SOFM that differs from existing literature about 
the self-organizing feature map. The S-SOFM utilizes the spherical lattice of the SOFM space 
to generate a visual form of the clustered data that is more intuitive and easy to perceive. A 
visual form of the data is created by scaling the radial distance of the vertices on the sphere 
in proportion to a measure characterizing some physical aspect of the data. Examples 
illustrating the various implementations of the spherical SOFM on different data and the use 
of possible measures to create spherical SOFM graphical representations are discussed in 
Sangole (2003) and Sangole and Knopf (2003). 
3. Implementation of the S-SOFM on micro-artefact data 
3.1 Previous work on micro-artefacts from the site 
The systematic excavation in the theatre of the Hellenistic period (ca. 330 B.C-167 B.C) at 
Gitana (Thesprotia region–Epirus-NW Greece) during five seasons (1996-1997 and 2005-
2008) has brought into light the auditorium of the theatre below a thick (ca. 1.25m-1.50m) 
colluvial deposit. The source of the colluvial deposit was thought to be sediments and 
cultural materials eroded from the abandoned Hellenistic city of Gitana, once expanded on 
top of the theatre (Kontogiorgos and Preka, 2009). Although is impossible to assess whether 
micro-artefacts ended up in the deposit as micro-materials or were generated after 
deposition; however, since the identified micro-artefact types (i.e., shell, bone, burnt clay) 
come from fragile or size unstable materials, their density trends (i.e., peaks and 
irregularity) might have been produced post-depositionally from the effects of the different 
N.F.P. (i.e., erosion, in situ weathering and translocation of smaller cultural sedimentary 
particles) that affected the larger macro-artefacts (Sherwood et al., 1995) present in the 
deposit. 
In this case, since anthropogenic activity was absent from the site after abandonment, their 
variability most likely depicts the intensity of these types of formation processes (i.e., N.F.P.) 
and possibly the time span capable of producing variable micro-artefact concentrations 
(Kontogiorgos and Preka, 2009). 
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3.2 Laboratory procedures 
A total of forty four (44) sediment samples weighing ca 1000g each,  were collected from five 
(5) columns, mostly at 10cm vertical intervals, providing good coverage across the exposed 
stratigraphy of the deposit, and were labeled according to depth. The laboratory procedure 
used two divisions of the phi (ф) scale: - 2.00ф and 0ф. Contents of the bulk samples were 
passed through a stack of 4mm (-2.00ф) and 1mm (0ф) sieves. The material retained in the 
1mm sieve created the sub-sample that was processed for microartifacts and an optical 
microscope was used for identifications. To avoid damaging the artefactual contents (e.g., 
shell, bone) there was no pretreatment for removal of organic matter or carbonate. The sub-
sample was saturated with 1% sodium hexametaphoshate and washed through the 1mm 
sieve to separate the sand fraction from the silt/clay fraction.  For each sub-sample, 500 
particles were point-counted.  
The identified micro-artefact types were: Microfragments of Burnt Clay, Microbone, 
Microshell. To deal efficiently with the large numbers of samples derived from the contexts, 
and reduce the processing time, the point-counting procedure had to be applied. The 
procedure for determining the proportions of compositional types follows the one described 
by Stein and Telster (1989). A small fraction of the sub-sample was poured gradually, into a 
glass petri-dish, below which was attached a piece of graph paper of no greater than 1cm 
graph intervals. The particles are spread evenly across the grid. While looking through the 
optical microscope, the particles located in one grid unit were counted according to 
compositional types. 
To improve the identifications and to observe more accurately the measurement error, 100 
particles were counted and recorded each time, until a total of 500 particles were examined, 
since in the previous exercise a good stabilisation of the point estimation between 250 and 
500 counted particles was achieved (Kontogiorgos and Leontitsis, 2005;2009). 
3.3 Seeing the unseen! N.F.P. creating micro-artefact patterning 
The construction of the S-SOFM graphical representation was based on a database of 44 
three-dimensional records, each dimension representing a micro-artefact category. Every 
row represented the point-counting results (Kontogiorgos and Leontitsis, 2009). A spherical- 
SOFM graphical representation was created as described in Sangole (2003), Sangole and 
Knopf (2003) and Leontitsis and Sangole (2005). The glyph was generated after 20 epochs 
(training cycles). Three views of the resulting S-SOFM graphical representation are 
illustrated in Fig. 1 showing the formation of a distinct black region. A nonlinear micro-
artefact structure lies within this statistical space which can be distinguished into a separate 
sub-structure. The spherical-SOFM pattern recognition procedure therefore serves as the 
initial step in the analysis of the multidimensional micro-artefact data. It provides a 
comprehensive preliminary visual representation of inherent non-linear characteristics in 
data. In this example one meaningful component was revealed, which appeared to be the 
determinant for the constitution of the analyzed data set.  
The results of this study suggest that the proposed implementation of the spherical-SOFM 
non-linear method is able to recognize and to provide a visual representation of micro-
artefact patterns prior to performing any further analysis on the data. It also depicts the 
ability of the N.F.P. to create patterns in micro-artefacts. The implication is that these 
complex multidimensional data (i.e., micro-artefacts) should be used with care due to the 
many factors that may account for the observed pattern and should not be simply used to 
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reflect ‘noise’ in larger artefacts (e.g., Dunnell and Stein, 1989). Finally, this exercise 
enhances attempts for developing interpretations on micro-artefact patterning by providing 
strong pattern recognition.   
 
 
(a) 
 
(b) 
 
(c) 
Fig. 1(a-c). Three views of the S-SOFM graphical representation showing the formation of 
distinct black region corresponding to the micro-artefact data 
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The next step will be to understand the reasons for this pattern by further investigating 
either the proportional relationships between micro-artefact types (Kontogiorgos, 2008) 
and/or by a complete geoarchaeological analysis of archaeological sediments which has 
shown concentration (i.e., peaks) of micro-artefacts in fine sediment attributable possibly to 
the effects of N.F.P. to produce such concentration of micro-artefacts in an archaeological 
deposit lacking any anthropogenic activity (Kontogiorgos and Preka, 2009). 
4. Conclusions 
A non-linear data analysis technique, the spherical self-organizing feature map, was applied 
on micro-artefact data. This technique revealed patterns among the data created by N.F.P 
further suggesting care when interpreting micro-artefacts. The implementation of the 
method needs to be explored in other site contexts and further tested. Given the abundance 
of large data sets of micro-artefacts, it will be a useful visualisation tool for the researcher to 
facilitate a quick search and identification of possible micro-artefact patterns in soil samples 
prior to performing any detailed analysis of the complex multidimensional data. 
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